A controlled environment experiment was performed on plants from 2 Agropyron sndthii Rydb. (western wheatgass) populations to determine how defollltion at iweek intervals and graxing bistory affected total silicon accumulation in shoots, and how Si was distributed within the plant. Plants were collected from a heavily grazed, IO-year-old prairie dog colony and an ungazed, 40-yearold exciosure at Wind Cave National Park, South Dakota. After 18 weeks, the total amount of Si accumuhtted in shoots was similar in plants from both populations, regardless of whether or not the plants were clipped. However, the Si concentration in shoots was greater in nondefoliated than defoliated phmts of both populations because of Si dilution resulting from greater shoot production in defoliated pIants. In both populations, roots and leaf blades had the highest Si concentrations, rhizomes had the lowest concentrations, and sheaths, crowns, and belowground stems had intermediate concentrations.
Because of its potential effects on forage quality, diet preference, and grass-grazer co-evolution (Minson 197 I, Stebbins 198 I, Van Soest 1982) , silica in grasses has received considerable attention by ecologists and range scientists (Shewmaker et al. 1989) . In a controlled environment experiment with 3 perennial African grass species, McNaughton and Tarrants (1983) and McNaughton et al. (1985) reported that (1) leaf silicification was enhanced by defoliition, (2) plants from populations collected from heavily grazed areas had higher leaf silica concentrations than those collected from less intensively grazed areas, and (3) silica concentration of plant parts generally decreased from roots to blades. McNaughton et al. (1985) invoked an evolutionary hypothesis involving differences in tissue priority and history of herbivore exposure to explain their findings. Specifically, they viewed silica as an antiherbivore defense chemical which was quantitatively inducible in grass shoots, and whose exceptionally high concentrations in roots (the least expendable organ) was a consequence of heavy selection pressure by fossorial herbivores.
We conducted a series of integrated field and laboratory studies to evaluate these ideas of McNaughton and colleagues for some North American grasses with different grazing histories. In the field at Wind Cave National Park, South Dakota, Si concentrations in tillers without visible signs of current-season grazing were consistently and significantly higher in plants of Agropyron smithii Rydb. and Schirachryium scoparium (Michx.) Nash on heavily grazed prairie dog (Cynomys ludovicianus Ord) colonies than on adjacent, lightly grazed, uncolonized areas (Brizuela et al. 1986 ). After more than 2 years following transplantation of A. smithii to a greenhouse and controlled environment chambers, these population differences in shoot Si concentration were maintained (Cid et al. 1989) . However, in both our field (in a separate study conducted within a grazing exciosure) and growth chamber experiments, defoliated plants had lower leaf Si concentrations than nondefoliated plants, suggesting that leaf silicification is not inducible in these 2 North American species.
The objective of the controlled environment experiments described in this paper was to address 2 remaining questions conceming Si in A. smithii: (1) how is total aboveground accumulation of Si affected by defoliation and recent (-40 years) grazing history, and (2) how does the vertical distribution of Si in 2 populations of this species compare with that of the African grasses studied by McNaughton and colleagues?
Materials and Methods
Plants from the ungrazed population of A. smithii were collected from within a 40-year-old exclosure surrounding Wind Cave National Park headquarters, and those from the heavily grazed population were collected from an area of Bison Flats prairie dog colony which had been colonized about 40 years (Cid et al. 1989 ). Plants were collected and propagated in a greenhouse for 2 years before the experiment (Cid et al. 1989) . Previous studies have established that morphological differences, including a shorter, more prostrate growth habit and higher leaf blade:sheath and blade:culm ratios, occur in A. smithii plants from prairie dog colonies relative to those from uncolonized areas, and that these differences are likely the result of genetic differentiation caused by heavy selection pressure from grazers (Detling and Painter 1983 , PoUey and Detiing 1988 , Cid et al. 1989 , Painter 1987 . In addition, these and other studies (Jaramillo and , Painter et al. 1989 ) have shown that plants from prairie dog colony and uncolonized populations often respond differently to defoliation.
A total of 28 A. smithii plants, 14 from each population, were used in this study. Potted plants were grown in calcined clay (Van Bavel et al. 1978 ) in a Conviron E-15 growth chamber with 14-h photoperiods, light/dark temperatures of 20114' C, and a quantum flux density of 700 /.IE l m" *s-l. Plants were watered every 2 days with deionized water and, on alternate days, with 100 ml of full-strength Hoagland's solution No. 1 to which 100 ppm of soluble silica was added as NaSiOs l 9&o Tarrants 1983, McNaughton et al. 1985) .
After 9 weeks under these conditions, plants from each population were randomly assigned to nondefoliated or defoliated treatments. Clipping heights were one-half the mean height to the ligule of the uppermost leaf at Week 0: 3.5 cm for the shorter plants from the prairie dog colony and 5.5 cm for the taller exclosure plants. Plants in the defoliated treatment were clipped 4 times, at 6-week intervals, at these heights. On the final sampling date (Week 18), plants which had not been defoliated were also clipped at these heights. Also on this date, belowground and remaining above- ground biomass from the undefoliated plants of each population were collected for analysis of vertical distribution patterns of Si. All harvested material was separated into component parts, dried at 60" C to a constant weight, weighed, and analyzed for Si calorimetrically (Fox et al. 1969) . A two-way ANOVA (defoliation X plant part) and, following a significant F-test in the ANOVA, Tukey's HSD was used to define homogeneous subgroups. In all analyses, differences were accepted as statistically significant at p50.05.
Results
The total amount of Si accumulated in shoots above the clipping height did not differ significantly between populations or defoliation treatments, and there was not a significant population X defoliation interaction (Fig. la) . Although there also was not a significant difference in cumulative shoot biomass production between populations, defoliation at 6-week intervals did sign& cantly increase production above the clipping height (Fig. lb) . Again, there was no significant interaction between populations and defoliation treatment, indicating that the 2 populations responded similarly to defoliation. Thus, across populations, aboveground production of defoliated plants (14.9 g/plant) averaged 22% greater than that of nondefoliated plants (12.2 g/plant). Relative Si yield (cumulative shoot Si content per unit of shoot biomass prduction) calculated from these measurements (Fig. lc) was higher on nondefoliated plants (22.1 mg Si/g plant) than in defoliated plants (16.7 mg Si/g plant).
Vertical patterns of Si distribution within entire plants of the undefoliated treatment did not differ significantly between populations, nor was there a plant part X population interaction. However, Si concentrations did vary significantly among plant parts (Fig. 2) . The highest Si concentrations were in the roots and leaf blades, which did not differ significantly from each other. Rhizomes had the lowest Si concentrations, while sheaths, crowns and belowground portions of stems comprised an intermediate group.
Discussion
Although defoliation of A. smithii at the level and frequency imposed in thii study results in lowered leaf Si concentrations (Cid et al. 1989) , this is probably not because of decreased Si uptake and translocation to shoots. Rather, in both populations, similar quantities of Si were found in the shoot tissues produced above the clipping heights of both defoliated and nondefoliated plants (Fig.  la) . Thus, the lower shoot Si concentrations in defoliated plants apparently resulted from this quantity of silicon being distributed throughout more biomass (Fig. lb) . The greater shoot biomass production of defoliated plants was unexpected since other field and growth studies on A. smithii (Painter and Detling 1981 , Hart and Balla 1982 , Polley and Detling 1988 and numerous other North American grasses have usually reported either a production decline or no effect of defoliation on production. Defoliation may have enhanced aboveground production in this study because the clipping intervals and total duration of the experiment were longer than those used in many similar studies, thereby providing more time for recovery and overcompensation (sensu Belsky 1986) to occur (Hilbert et al. 1981) .
The decrease in relative Si yield (accumulation per unit of shoot production) following repeated defoliation is also of interest. Other reports have indicated that, for essential but frequently limiting nutrients such as N and P, either total nutrient uptake or nutrient yield per unit of biomass produced increase following defoliation (Ruess et al. 1983 , McNaughton and Chapin 1985 , Jaramillo and Detling 1988 . The absence of either response for Si in A. smithii may indicate that it is nonlimiting and less preferentially allocated to shoots following defoliation than are essential nutrients.
The vertical distribution patterns of Si in these populations of A. smithii differed markedly from those of the perennial African grasses studied by McNaughton et al. (1985) . While they reported a progressive four-fold decrease in Si concentration from roots to leaf blades in samples cornposited from several species, the roots and blades of A. smithii had similar Si concentrations (Fig. 2) . Furthermore, within the shoot system of A. smithii, Si concentrations increased with increasing distance from the roots. Although some species apparently exhibit active uptake of Si (Marschner 1986 
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